Background: Despite national guidelines recommending bone mineral density screening with dual-energy x-ray absorptiometry (DXA) in women aged 65 years and older, many women do not receive initial screening.
T he link between low bone mineral density (BMD) and increased fracture risk is well established. 1 Dual-energy x-ray absorptiometry (DXA) is the current standard for identifying osteoporosis based on BMD. In the United States, guidelines from the Surgeon General, Preventive Services Task Force, 2 National Osteoporosis Foundation, American College of Preventive Medicine, and American Association of Clinical Endocrinologists recommend screening BMD using DXA in all women 65 years or older (http://nof.org/files/nof/public/ content/file/2791/upload/919.pdf -OR-http://nof.org/hcp/ resources/913). [3] [4] [5] However, less than one third of US women aged 65 years and older undergo DXA testing. 6, 7 It is estimated that additional DXA screening could prevent over 35,000 fractures and save Medicare nearly $78 million over 3 years. 7 Women do not receive DXA testing for various reasons. Primary care providers (PCPs) and patients may be unaware of preventive screening recommendations. Screening tests recommended relatively infrequently (ie, less than yearly) may be difficult for patients and PCPs to remember. PCPs are responsible for managing a large number of acute and chronic conditions but may be unable to address all preventive care needs in the limited time available during office visits. 8, 9 Mammography is a screening procedure that is available to eligible patients through self-referral and without a physician order in the United States. Similar to mammography, DXA is a screening tool associated with low radiation exposure. A pilot study of women who had PCPs in our university-based clinic found that allowing patients to selfrefer for a DXA significantly improved rates of osteoporosis screening. 10 However, this study 10 and other prior studies 11, 12 aimed at self-referral for DXA have not included the necessary component of health system changes allowing for direct DXA scheduling without the time-consuming review process from a medical provider.
In an effort to improve primary osteoporosis screening in at-risk women, we conducted a group-randomized trial separately in 2 large regional health systems to test the hypothesis that the rate of DXA testing and osteoporosis treatment would improve if postmenopausal women received simple instructions to self-refer for DXA compared with the current standard of care which requires a physician referral to receive a DXA. We also anticipated that additional narrative storytelling materials would further increase DXA testing and appropriate osteoporosis medication use compared with women not receiving this intervention. Our previous research indicated that providing patients with background education, including narrative storytelling, motivates patients to seek preventive care in other chronic diseases, such as hypertension. 13 
METHODS

Design Overview
The study protocols were approved by the Institutional Review Board at the University of Alabama at Birmingham coordinating center and recruitment sites at Kaiser Permanente Northwest (KPNW) and Kaiser Permanente Georgia (KPG). The identically designed interventions consisted of: (1) a health system redesign strategy to allow patients to selfrefer and schedule a DXA (SELF); (2) SELF strategy combined with patient educational materials that included a DVD containing narrative storytelling and written materials to encourage patients to schedule a DXA and promote patientphysician communication (SELF+DVD); and (3) a control group that required patients to obtain routine physician authorization to schedule a DXA (usual care, UC). All PCPs associated with study patients were offered continuing medical education (CME) materials on osteoporosis.
Settings and Participants
Women 65 years or older, with a KPNW or KPG PCP visit in the past 12 months and no identifiable DXA in Kaiser electronic medical records (EMR) in the past 5 years were eligible to participate. Women were excluded if there was evidence in the EMR of antiosteoporosis medication use (except estrogen) in the previous 5 years. A full listing of the population and exclusion criteria is shown in Figure 1 . Patient characteristics were obtained through EMR. Race was categorized as white, African American, or other if the race was unknown or entered as another race.
Randomization and Interventions
The unit of randomization was the individual clinic. All eligible patients in 29 primary care clinics in KPNW and KPG were randomized into 1 of 3 groups: SELF, SELF+DVD, or UC ( Fig. 1 ). To balance the age of patients, distance to the DXA facility from the clinic, and baseline DXA rates within the Kaiser clinics, a principal component analysis was conducted. The first principal component was calculated and used to balance randomization of clinics based on these factors in each Kaiser region.
Intervention Materials
Health care provider materials (see below) were provided to all study groups. The health system and patient interventions were administered to the 2 intervention groups only. We had no contact with patients in the UC group.
Health Care Provider Materials
An Internet-based osteoporosis CME program was provided to all KPNW and KPG PCPs for several months before patient recruitment. The objective of the CME program was to improve recognition of osteoporosis risk and appropriate testing and treatment options.
Health System Intervention Administration at the 2 Kaiser Permanente Regions
An initial letter on KP letterhead was mailed to all intervention group patients (SELF and SELF+DVD) inviting them to self-refer for a DXA (Supplement 1, Supplemental Digital Content 1, http://links.lww.com/MLR/A746). Three weeks following the mailing, another similar letter was sent to intervention groups; and, additional educational materials and DVD were mailed to the SELF+DVD group. The 2 KP regions managed the DXA scheduling and completion process in slightly different manners due to mechanism by which DXA scans were completed.
KPNW
To avoid overloading health system capacity to deliver DXA testing, one seventh of the eligible population was mailed intervention materials each month during the 7month intervention period. The initial letter included a tollfree telephone number to contact KPNW study staff. After speaking with the patient, study staff generated a referral to one of 4 Regional Referral DXA Centers outside the KPNW system. The referral center mailed a letter to the patient that contained a second phone number for patients to call to schedule their DXA.
KPG
One ninth of the eligible population was mailed the intervention materials each month for a total of 9 months. The intervention period was longer in KPG to avoid capacity problems at the one DXA facility. The initial letter included a local number to call to schedule a DXA directly with KPG's diagnostic radiology department.
Patient Intervention Material Development and Implementation
The patient DVD and educational materials were created based on the concepts of narrative communication 14 and feedback from 6 focus groups (n = 12-18 patients per group) consisting of women aged 65 years and older. Focus group participants were selected as a convenience sample from 2 geographical sites and were self-identified as at-risk for osteoporosis or with known osteoporosis.
From information obtained from focus groups, a DVD was created using recorded audiovisual segments of women telling their personal stories with osteoporosis, DXA screening, and osteoporosis treatments, along with summary points made by an osteoporosis educator and KP physician. Using concepts from the Chronic Care Model 15 and The Practical Robust Implementation and Sustainability Model, 16 video segments were rated based on strength and clarity of content by the study team to produce the DVD. 17 The 19 highest rated video segments were edited and compiled into a single 16-minute DVD. An educational brochure was created to mirror the DVD. We pilot tested study materials through one-on-one interviews with women at risk of osteoporosis to ensure completeness, comprehension, and readability. Additional pilot testing of the materials and randomization process was completed through a mailing of intervention materials to 100 eligible patients from KPNW and KPG each. Structured telephone interviews were conducted with a 20% random sample of those patients who received pilot materials to obtain feedback on content, clarity of the message, willingness to engage in the intervention (patient activation), and the DXA scheduling process. On the basis of results of pilot testing, we finalized the intervention.
Outcomes
The primary outcome of interest was DXA completion and the secondary outcome of interest was osteoporosis prescription medication receipt, as documented in the Kaiser EMRs and computerized pharmacy dispensing records, respectively. Following the initial mailing, observation of DXA completion rates and osteoporosis medication initiation occurred for 90 and 180 days for all groups, respectively. All DXA results were sent to PCPs in the usual manner for interpretation and discussion with patients.
Statistical Analysis
Pretrial power calculations indicated an 87% power to detect differences in DXA completion rates of 5% between UC versus SELF versus SELF+DVD. The observed intraclass correlation coefficient at study conclusion was smaller than the pretrial estimate (0.05); therefore, the design had more statistical power than anticipated. We used descriptive statistics to compare demographic characteristics and outcomes within KPNW and KPG. To account for correlation of patients within clinics, due to nesting of patients within a clinic, we employed generalized estimating equation (GEE) models as developed by Liang and Zeger 18 to test for intervention effects for DXA receipt and osteoporosis medication treatment rates using a type I error rate of 0.05.
We defined osteoporosis and osteopenia (low bone mass) based on BMD using the World Health Organization definition of a BMD T score of r À 2.5 and between À 1.0 and À 2.5, respectively. 19 All P-values to test the significance of intervention effects and all confidence intervals (CI) for proportions of individuals receiving DXA testing by intervention arm were derived directly from GEE models. Separate GEE models were developed, treating each region as an independent replication of a common protocol. We adjusted the degrees of freedom to account for use of GEE with a small number of clusters. [20] [21] [22] [23] [24] When testing for differences among intervention arms, Bonferonni adjustments were employed to maintain a type I error rate of 0.05. All analyses were conducted using SAS software 9.2 (SAS Institute Inc., Cary, NC).
RESULTS
Most patient characteristics at baseline were similar across study groups within each region (Table 1 ). Some differences were identified between the 2 KP regions. Mean distance to a DXA facility was greater at KPG than KPNW due to the difference of 1 DXA location at KPG versus 4 at KPNW. The patient populations also differed between KPG and KPNW by race/ethnicity. DXA completion rates for SELF, SELF+DVD, and UC are shown for each region in Figure 2 . DXA completion rates w Represents the number of dual-energy X-ray absorptiometry (DXA) facilities available to the entire Kaiser Permanente region not just the clinics randomized to a particular study arm.
over the 90 days following randomization were as great as 24% and were approximately 5-fold higher in the self-referral groups compared with UC at KPNW; odds ratios (ORs): 4.9 (95% CI, 3.3-7.1) for SELF versus UC and 4.8 (95% CI, 3.3-6.9) for SELF+DVD versus UC (data not shown). At KPG, DXA completion rates were somewhat lower than KPNW (approximately 13% completion in selfreferral groups). Within KPG, DXA completion rates were approximately 2-to 3-fold higher in the 2 self-referral groups compared with UC; ORs: 2.7 (95% CI, 1.5-4.8) for SELF versus UC and 2.2 (95% CI, 1.1-4.4) for SELF+DVD versus UC. These findings of greater DXA completion in the intervention groups versus the UC group persisted beyond the 90 days following the intervention, as reflected in 12-month DXA completion rates for KPNW: 37% SELF, 35% SELF+DVD, and 18% for UC; OR comparing self-referral to UC: 2.6 (95% CI, 2.3-3.0). We also determined the number of women needed to receive an invitation to self-refer with or without additional educational materials to lead to 1 completed DXA and 1 DXA showing osteoporosis. The numbers needed to contact with our mailed self-referral invitation ranged from just over 5 in the KPNW region for DXA completion to just over 100 to obtain a DXA showing osteoporosis in the KPG region ( Table 2) .
Detection of osteoporosis for SELF, SELF+DVD, and UC were 3.0%, 3.0%, and 0.7% at KPNW, respectively, and 1.6%, 1.4%, and 0.4% at KPG, respectively (Fig. 3A) . Although all osteoporosis detection rates were low, detection of osteoporosis among women in either the SELF or SELF+DVD groups was 4-to 5-fold higher than for women in the UC group in both health plans: ORs for osteoporosis diagnosis at KPNW were 4.2 (95% CI, 2.2-8.2) for SELF versus UC and 3.8 (95% CI, 2.0-7.3) for SELF+DVD versus UC; and, at KPG were 5.2 (95% CI, 3.3-8.1) for SELF versus UC and 5.0 (95% CI, 3.1-8.1) for SELF+DVD versus UC (data not shown). Combining the 3 study groups and the 2 health plans, 12.5% (261 of 2091) of women had evidence of osteoporosis based on DXA results. An additional 47.2% (987 of 2091) of women had low BMD (osteopenia) and the remaining had BMD in the normal range.
Treatment rates with prescription osteoporosis medications (other than hormone therapy) for the entire population for SELF, SELF+DVD, and UC were 2.8%, 3.4%, and 1.4% in KPNW, respectively, and 3.4%, 1.8%, and 0.8% in KPG, respectively (Fig. 3B) . Although all treatment rates were low, KPNW women in either intervention group were significantly more likely than UC women to initiate prescription osteoporosis treatment. However, rates for osteoporosis treatment initiation did not differ significantly between the intervention groups (SELF compared with SELF+DVD).
Comment
Allowing patients to schedule their own DXA without a physician order (ie, "self-refer") in 2 large regional health plans located in the Northwest and the Southeast US significantly increased DXA completion rates over 3 months by a relative 18% compared with UC. The addition of an educational DVD, which contained patient storytelling aimed to promote patient-provider communication, did not significantly augment screening rates over self-referral alone. The simple intervention of a letter and authorization to selfrefer for DXA resulted in >50% screened patients being recognized as having an increased risk of fracture based on a T score in the osteopenia or osteoporosis range. Osteoporosis medication use increased significantly, albeit slightly, among women in the intervention groups when compared with UC in the larger KPNW health plan.
Similar to DXA, screening mammograms are recommended and covered by Medicare and most private medical insurers for all women aged 65 and older. The risks associated with obtaining a DXA are low. Radiation exposure during a DXA is approximately one fifth of the exposure amount of a mammogram. 25 In 1992, women were provided the option of self-scheduling mammograms without a physician order (http:// www.fda.gov/Radiation-EmittingProducts/MammographyQuality StandardsActandProgram/ConsumerInformation/ucm113968. htm). Although it is unclear how much this policy alone has influenced mammography utilization, mammography rates increased by over 160% between 1996 and 2005. 26 A program allowing patients to obtain an influenza vaccine without a physician order was similarly associated with a 30% increase in vaccination rates of high-risk patients when compared with UC. 27 These mammography and vaccination health policy changes suggest that overreliance on heavily burdened physicians to perform preventive services is one of the major barriers to preventive health care. Limited physician time is a major impediment to osteoporosis screening. 28 Direct involvement of the patient may diminish the burden on providers and may achieve improved rates of recommended preventive measures. 29 However, not all self-referral screening services are likely to yield outcomes where benefits greatly exceed risks.
Other primary osteoporosis screening programs have led to improved DXA rates. In a pilot study completed at our university-based clinic, a simple letter intervention led to an approximate 13% increase in DXA utilization when compared with UC but required an extra step from physicians to approve DXA screening. 10 In a large, randomized controlled study from a Midwestern US multispecialty clinic, 12 DXA completion increased by nearly 11% after mailing a letter that offered self-scheduling and by 18% with the mailing plus provider prompting, when compared with UC. Two smaller, nonrandomized studies that also mailed letters to women and allowed patients to self-schedule a DXA were associated with a 13%-26% increase in DXA completion. 11, 30 Both studies included follow-up calls to nonresponders, and 60%-70% of patients scheduled a DXA only after the follow-up phone call.
Our large randomized controlled trials were somewhat similar to these studies in that we used a letter to activate patients to schedule a DXA. However, our study did not include any follow-up calls to nonresponders or provider prompting. Our simple, generalizable intervention achieved an increase in DXA receipt similar in magnitude to these earlier investigations and also showed an increase in treatment rates in 1 region. The number of patients that needed to be contacted to yield a DXA and to identify osteoporosis was not excessive compared with the very modest mailing costs of such a system intervention. Collectively, our results, and the results of prior studies, suggest that more patients obtain preventive care when given direct access to these services. We recognize that self-referral does not fully resolve the issue of underutilization of DXA screening for all women at risk of osteoporosis as not all will take advantage of the selfreferral option. However, we believe the benefits of the opportunity to self-refer outweigh any risks of this self-referral process and DXA procedure.
We observed a somewhat greater response to completing DXA scans in women in the KPNW region when compared with the KPG region. We do not fully understand the reason for this but it may be related to the wider availability of DXA facilities in the KPNW region, differing scheduling techniques between the regions, and differences in patient characteristics. Increased distance and a lack of familiarity with imaging centers can be barriers to care. 31 Furthermore, in many studies, particularly in the Southern US, white women are more likely to receive DXA tests than women of other racial/ethnic groups, [32] [33] [34] and this may have played a role in the relatively larger proportion of women undergoing DXA imaging at KPNW.
Suboptimal patient understanding of osteoporosis risks, diagnosis, and effective treatment options contribute to overall low DXA screening rates. 28 In our study, we incorporated peer storytelling via an educational DVD in 1 group to promote patient activation. The use of peer modeling has been effective in other areas of medicine, including smoking cessation and treatment of cancer patients. 35, 36 Narrative communications, 14, 37 delivered in a manner similar to our intervention, have led to significantly better blood pressure management. 13 The latter was culturally tailored using patient stories drawn from the local population. 13 Our study featured stories from culturally diverse patients, but cultural tailoring may have been muted as the intervention was distributed in 2 culturally dissimilar geographic regions. Similar to our experience, no increase in DXA completion Usual care Reference --rates was seen in another randomized study of mailed patient educational materials without a component of self-referral. 38 It is possible that our patient educational approach using DVD narratives may be of lesser value with certain patients, in some disease states, or in particular clinical settings. Further, we were unable to verify how many women watched the DVD or read our educational materials. Our study included large primary care populations treated at 2 geographically distinct health plans. Despite its consistent findings across the health systems, there are several potential limitations. Due to protocol within the health systems, DXA orders were only active for 90 days, limiting use of the self-referral process to 3 months. However, we found persistent effects for up to 1 year in at least one of the plans. In addition, the letter we sent inviting women to self-refer for a DXA provided minimal educational information about osteoporosis and DXA screening. Although limited in its educational value, and given findings that education interventions alone seldom change patient behavior, 38 the information in the letter was not provided to the UC group, and this omission could have impacted the differences seen in DXA completion rates between the groups. For operational reasons, we also delayed distribution of educational materials to the SELF+DVD group. These were sent after the initial invitation for self-referral and this may have negatively influenced their effectiveness on promoting DXA completion. When evaluating osteoporosis treatment initiation rates, we limited assessment of "appropriate osteoporosis treatment" to those diagnosed with osteoporosis by DXA criteria. There are some women with DXA T scores better than À 2.5 that may benefit from osteoporosis treatment based on clinical information, but these decisions require more criteria than those easily captured through electronic health records. Finally, we randomized intervention assignment by health plan clinic rather than by patient or by physician to prevent a potential contaminating influence of a change in behavior by physicians due to the intervention. 39 It is possible that this approach could have increased the patient variability between clinics and decreased statistical power somewhat.
With osteoporosis prevalence increasing with aging populations, there is a growing need to better identify osteoporosis before fragility fractures. Yet, most women do not undergo DXA testing, 6 despite its low risk and the national recommendations. [2] [3] [4] [5] Newer scrutiny about too frequent repeat osteoporosis testing 40 and new concerns about osteoporosis treatments, 41, 42 coupled with decreasing DXA reimbursement, may foster lower interest in initial DXA testing and lead to an even larger number of women not receiving an initial DXA. We found that creating an opportunity for patients to self-refer for DXAs led to significantly greater DXA completion and osteoporosis treatment. Allowing women to self-refer and schedule their own DXAs is similar to current health policy for screening mammography and some vaccinations. It should be considered as a low-cost approach for wider national implementation and dissemination of this recommended preventive service.
